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INTRODUCTION 
The Redmond Paired Watershed Study (RPWS) is one of several effectiveness monitoring studies 
that was selected for implementation starting in 2014 for the Stormwater Action Monitoring 
(SAM) program for Puget Sound. The goal of effectiveness monitoring under the SAM program 
is to provide widely applicable information for improving stormwater management in the 
region. Phase I and Phase II Municipal Stormwater Permittees in the Puget Sound Region 
contribute to a Pooled Stormwater Resources Fund that supports the SAM program and 
associated effectiveness monitoring studies. Selection of the RPWS for implementation under 
the SAM program was made based on a monitoring proposal that was presented to permittee 
representatives at workshops that were held on March 20, 2014, and May 6, 2014. The specific 
study question to be addressed through the RPWS is as follows: 

How effective are watershed rehabilitation efforts at  
improving receiving water conditions at the watershed scale? 

To address this study question, a conceptual experimental design for the RPWS was 
subsequently developed and summarized in the Redmond Paired Watershed Study Experimental 
Design Report (Herrera 2015a). This conceptual experimental design was informed by a literature 
review (Herrera 2015b) that was conducted to identify lessons learned from past studies that 
have been implemented to achieve similar objectives. The conceptual experimental design was 
also developed based on input from a technical advisory committee that was formed for the 
study. This technical advisory committee includes representation from the following jurisdictions 
and agencies: 

City of Redmond 

City of Seattle 

King County 

Kitsap County 

US Environmental Protection Agency 

US Geological Society 

Washington State Department of Ecology (Ecology) 

Building on this previous work, a Quality Assurance Project Plan (QAPP) was developed to guide 
the implementation of all subsequent phases of the RPWS (Herrera 2015c). This QAPP 
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BACKGROUND 
Municipal Stormwater Permits are issued by Ecology to regulate discharges from separated 
storm sewers owned or operated by Phase I and Phase II cities and counties. The Municipal 
Stormwater Permits establish the minimum requirements for permittees to address existing and 
future impacts to receiving waters from urbanization. Municipal Stormwater Permits require 
cities and counties to execute programmatic (nonstructural) activities and establish design 
standards for stormwater structural controls triggered by development (onsite stormwater 
management, runoff treatment, and flow control facilities). In theory, if all developed land in a 
watershed is equipped with nonstructural and structural stormwater controls, the receiving 
water would be protected from hydrologic and water quality impacts caused by urbanization. 
However, while the effectiveness of nonstructural and structural controls has been well 
documented at the site and parcel scale, limited data exists on the effectiveness of these 
controls in aggregate for improving conditions in receiving waters at the watershed scale 
(Herrera 2015b). 

In February 2014, Ecology approved a Citywide Watershed Management Plan (WMP) (Herrera 
2013) for the City that coordinates stormwater management efforts from the Municipal 
Stormwater Permit, Section 303(d) of the Clean Water Act, and salmon recovery to allow use of a 
watershed approach for improving receiving water conditions. Through the implementation of 
this WMP, the City will focus stormwater best management practices (BMPs) in a subset of 
priority watersheds that are moderately impacted by urbanization and therefore expected to 
respond more quickly to rehabilitation efforts. This provides a unique opportunity to study the 
effectiveness of stormwater BMPs for improving receiving water conditions on an accelerated 
time frame and at a watershed scale. Recognizing this opportunity, the City is implementing the 
RPWS to quantify improvements in receiving water conditions with support from the SAM 
program. 
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Table 1 identifies the name, predominant land use/cover, and size of each watershed; the 
location of all the watersheds is shown in Figure 1. A detailed summary of conditions within each 
watershed is also provided in the QAPP that was prepared for the study (Herrera 2015c) with 
information on planned rehabilitation efforts in the Application watersheds as applicable. 

Table 1. Application, Reference, and Control Watersheds for the 
Redmond Paired Watershed Study. 

Watershed Name 
Watershed 

Type 
Dominant Land 

Use/Cover 

Watershed Total 
Area 

(acres) 

Watershed Area 
Inside Redmond 

(acres) 
Evans Creek Tributary 108 Application Residential 397 0a 

Monticello Creek Application Residential/Commercial 345 264 
Tosh Creek Application Residential/Commercial 299 276 
Colin Creek Reference Forest 1,990 90 
Seidel Creek Reference Forest 1,188 615 

Country Creek Control Residential/Commercial 212 212 
Tyler’s Creek Control Residential/Commercial 168 167 

a Watershed is in unincorporated King County. 

Fixed monitoring stations were established in each watershed for monitoring various indicators 
of stream health. Due to the scale of the RPWP and the anticipated lag between applying 
stormwater controls and resultant improvements in receiving water conditions, quantifying a 
cause and effect relationship between these events may take many years. Therefore, monitoring 
at the fixed monitoring stations will occur over an anticipated 10-year timeframe. Furthermore, 
because the effectiveness of watershed rehabilitation practices (e.g., stormwater retrofits, in-
stream habitat improvements, and programmatic practices) may vary for different types of 
receiving water impairments, a broad suite of indicators for assessing potential improvements 
are being monitored within the following categories: hydrologic, water quality, physical habitat, 
sediment quality, and biological. The pattern of interest will be evidence that receiving water 
conditions are improving based on one or more of these indicators in the Application 
watersheds while conditions in the Reference and Control watersheds remain relatively static. 

The following subsections provide more detailed information on the Status and Trends 
Monitoring and Effectiveness Monitoring, respectively, including the monitoring stations, 
measurement frequency, indicators, and data analysis methods where applicable. 
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STATUS AND TRENDS MONITORING 
This section describes the monitoring stations, measurement frequency, indicators, and data 
analysis methods that will be used for the Status and Trends Monitoring component of the 
RPWS. This information is organized under separate subsections for the following monitoring 
categories: hydrologic, water quality, physical habitat, sediment quality, and biological. The 
specific indicators of stream health that will be evaluated in these categories are also 
summarized in Table 2 with their associated measurement frequency. 

Table 2. Indicators of Stream Health for the 
Redmond Paired Watershed Study. 

Indicator Measurement Frequency 

Hydrology Monitoring 
Flow Continuous 
High pulse count 
High pulse duration 
High pulse range 
Low pulse count 
Low pulse duration 
Low pulse range 
Flow reversal 
Richards-Baker (RB) flashiness index 
TQ Mean 
Storm flow volume 
Base flow volume 
Total flow volume 

Post-processed from continuous flow measurements 

Water Quality Monitoring 
Total suspended solids 
Turbidity 
Conductivity 
Hardness 
Dissolved organic carbon 
Fecal coliform bacteria 
Total phosphorus 
Total nitrogen 
Copper, total and dissolved 
Zinc, total and dissolved 

Twelve grab samples collected annually during storm 
events (three each quarter) 
Four grab samples collected annually during base flow 
(one each quarter) 

Temperature 
Conductivity 

Continuous 

Physical Habitat Monitoring 
Bank-full width 
Wetted width 
Cumulative bar width 

Annually 
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2011) and include both hydrologic (e.g., influent and effluent flow) and water quality monitoring. 
In these cases, a facility’s performance would be verified based on comparisons of its measured 
pollutant removal efficiency relative to targets that are identified in TAPE for specific treatment 
categories. 

At present, no new structural stormwater controls have come online in an Application watershed 
that are suitable for Effectiveness Monitoring. For planning purposes, it is anticipated that two 
separate facilities will be completed and made available for monitoring in year 6 of the study, 
respectively. For each facility, detailed information on the procedures that will be used for data 
collection, quality assurance and control, management, and analysis will be provided in separate 
addendums to the QAPP that was prepared for the study (Herrera 2015c). 
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Data Quality Assurance Review Memorandum 
for Hydrologic Monitoring 

  



 

 

 



















 

 

APPENDIX C 

Discharge Rating Curves 
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Line Plots Showing Sampling Times 
Relative to the Storm Event Hydrograph 
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APPENDIX I 

Box and Whisker Plots 
Showing Pollutant Concentrations 
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APPENDIX J 

Line Plots Showing Continuous Temperature Data 
  



 

 

 































 

 

APPENDIX K 

Line Plots Showing Continuous Conductivity Data 
  



 

 

 























 

 

APPENDIX L 

Compiled Field Data from 
Physical Habitat Monitoring 
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Computed Physical Habitat Quality Indicators 
  



 

 

 







 

 

APPENDIX N 

Summary Statistics for Evaluating 
Physical Habitat Quality Indicators 
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Data Validation Memorandum for 
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Laboratory Report for Biological Monitoring 
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